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                                     摘要 
    缺铁性贫血（iron deficiency anemia，IDA）是由于各种不同的原因导致体内
储存铁缺乏，影响细胞血红素的生成而导致的贫血。缺铁性贫血是世界范围内最
常见的营养缺乏病之一，影响着约 10 亿人口。 
    从缺铁发展到缺铁性贫血是一个缓慢的过程，一般经历铁缺乏期（iron 








     本研究利用大肠杆菌表达系统表达了人铁蛋白 H、L 亚基（FTH1,FTL），
所表达的蛋白经热处理、凝胶过滤层析、阴离子交换层析等方法纯化，获得了纯
度较高的 rhFTH1 和 rhFTL。经过 SDS-PAGE、分子筛层析和透射电镜观察等方
法证实了纯化的 rhFTH1、rhFTL 能在体外自组装成与天然铁蛋白类似的二十四
聚体样结构颗粒。 
    用原核表达的人铁蛋白 H、L 亚基形成的颗粒抗原免疫小鼠，显示 rhFTL 具
有较好的免疫原性；以 rhFTL 和天然提取的人肝脏铁蛋白为筛选抗原进行单克隆
抗体的筛选，最终获得了 22 株铁蛋白特异性的单克隆抗体。鉴定了其中 16 株 IgG
亚型的单克隆抗体的基本性质，其中有 12 株抗体的效价达 106 以上。 













































































   Iron deficiency anemia (IDA) is a type of anemia caused by not having enough 
storage iron in body because of various reasons. Iron deficiency anemia is one of the 
most common nutrition deficiency diseases, affecting about 1 billion people in the 
world. 
   The progress from iron deficiency to iron deficiency anemia is a slow process, 
which can divided into three stages: iron deplete(ID), iron deficiency 
erythropoiesis(IDE), iron deficiency anemia (IDA). Iron deficiency and iron 
deficiency anemia will not only affect the normal function of the body, and may cause 
irreversible effects on mental development of fetal and children. Serum ferritin level 
is associated with body storage iron, which makes serum ferritin as a sensitive and 
specific biomarker for evaluation storage iron in body and diagnosing iron deficiency 
anemia in clinical practice. Inspection of serum has important meaning for realizing 
iron deficiency as early as possible and preventing iron deficiency anemia.The 
purpose of this research is to establish a human serum ferritin chemiluminescense 
immunoquantification kit suitable for full-automatic tubular chemiluminescence 
immune detection system. 
   In this study, E.coli expression system is used to express human ferritin H,L 
subunit, after purified by heat treating,gel filteration chromatography, ainon exchange 
(DEAE) chromatography, high purity of rhFTH1,rhFTL was acquired. The purified 
rhFTH1,rhFTL assemble into 24mer nanoparticles similar to native ferritin，which is 
verified by SDS-PAGE, molecular sieve chromatography, transmission electron 
microscopy (TEM) analysis. 
   The purified rhFTH1,rhFTL nanoparticles were used to immunize mice, the result 
indicted the antigenicity is good. Using rhFTL and native liver ferritin as screen 
antigen to screen hybridoma,22 monoclonal antibody cell lines were acquired. 16 IgG 
type monoclonal antibody was characterized, among which 12 monoclonal antibodies 















   The 12 monoclonal antibodies which have good reactivity were selected to screen 
antibody pair by ferritin standard protein and specimen. After preliminary screening, 
two antibody pairs were obtained to establish human serum ferritin 
chemiluminescense immunoquantification kit. Further analysis such as detection 
sensitivity,detection range and the correlation of testing specimens with contrast 
reagent was carried out.The result showed that the detection sensitivity of the human 
serum ferritin quantification kit established based on antibody pair(7B4-7C10) was 
0.5ng/ml, the detection range was 1-2000ng/ml, and the correlation coefficient r2 of 
testing specimens with reagent from Beckman company was over 0.95. 
   In summary,recombinant human ferritin antigens and human ferritin specific 
antibodies were obtained,based on that quantitative microparticle chemiluminescense 
immunoassay for human serum ferritin was established .The performance of this 
immunoassay is comparative with imported serum ferritin chemiluminescense 
immunoquantification kit,which means the quantitative microparticle 
chemiluminescense immunoassay for human serum ferritin established in this study 
reached the level of international mainstream reagent.     
 























FTL:Ferritin light chain，铁蛋白轻链 
FTH1:Ferritin heavy chain 1，铁蛋白重链 
IDA:Iron deficiency anemia，缺铁性贫血 
ID:Iron deplete，铁缺乏 
IDE:Iron deficiency erythropoiesis，缺铁性红细胞生成 
CLIA:Chemiluminescent immunoassay，化学发光免疫分析 
CLEIA:Chemiluminescent enzyme immunoassay，化学发光酶免疫分析 
ECLIA:Electrochemiluminescent immunoassay，电化学发光免疫分析 
WHO:World Health Organization，世界卫生组织 
ACD:Anemia of chronic disease，慢性病贫血 
SF:Serum ferritin，血清铁蛋白 
TfR1:Transferrin receptor 1，转铁蛋白受体 1 
sTfR1:Soluble transferrin receptor 1，可溶性转铁蛋白受体 1 
FPN1:Ferroportin1，膜铁转运蛋白 
MCH:Mean corpuscular hemoglobin，红细胞平均血红蛋白浓度 
MCV:Mean corpuscular volume，红细胞平均体积 
IRE:Iron response element，铁应答元件 





ELISA: Enzyme linked immunosorbent assay，酶联免疫吸附试验 
TEM:Transmission electron microscopy，透射电子显微镜 



















    贫血是指血液中红细胞数目低于正常范围下限的一种常见临床症状[1]，但在
临床实践中常以血红蛋白浓度作为判定是否贫血的指标。根据世界卫生组织
（WHO）制定的贫血诊断标准，居住在海平面地区的成年男性血红蛋白浓度低
于 130g/L，成年女性血红蛋白浓度低于 120g/L 即可判定为贫血[2]。 
 
表 1.1 贫血诊断的血红蛋白浓度阈值[2] 
Table 1.1  Hemoglobin(Hb) concentration thresholds used to define anemia[2]                
Age or gender group Hb threshold (g/L) 
Children (6 months to under 5 years) 110 
Children (5 years to under 12 years) 115 
Children (12 years to under 15 years) 120 
Non-pregnant women (15 years and over) 120 
Pregnant women 110 
Men (15 years and over ) 130 
 
    据世界卫生组织统计，贫血影响着世界约 20 亿左右的人口，约占世界总人
口 70 亿的近三分之一[3]。在我国，虽然经济在过去三十年经历了腾飞，人民的
营养和健康水平有了很大的提高，但近期的两项研究却表明在中东部地区人群整
体的贫血患病率高达 13.4%，在西部 8-12 岁的学龄儿童的贫血患病率竟高达
34%，贫血在我国仍然是一个非常重要的公共卫生问题[4, 5]。 





























足，均会影响造血的微环境而导致慢性病贫血（anemia of chronic disease，ACD）。
造血原料是指造血细胞增殖、分化所必需的物质，例如蛋白质、维生素（叶酸、
维生素 B12 等）、微量元素（铁、锌、铜等）等。由于造血原料不足或利用障碍
造成的贫血在临床上非常常见，其中又以缺铁或铁利用障碍性贫血最为常见。   
1.2 缺铁性贫血（IDA） 
    缺铁性贫血（Iron deficiency anemia，IDA）是由于各种不同的原因导致体内
储存铁缺乏，影响细胞血红素的生成而导致的贫血，该类贫血红细胞形态变小，
中央淡染区扩大，属于小细胞低色素性贫血[6]。贫血的患者中大约 50%都是由于
缺铁导致的缺铁性贫血[2]。   
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